INTRODUCTION
The extreme precipitation depth is an estimate of the largest precipitation depth expected to occur over a given area. The extreme precipitation depth exceeds the precipitation depth associated with recurrence intervals greater than 100 years. In 1996, the U.S. Geological Survey (USGS), in cooperation with the Texas Department of Transportation, began a 3-year study of precipitation characteristics for Texas. The major objectives of this study are (1) to define the depth-duration frequency of precipitation in Texas, (2) to determine appropriate depth-area precipitation relations for Texas, and (3) to investigate extreme precipitation depths for regions of Texas. The focus of this report is on extreme precipitation depths.
Purpose and Scope
The purpose of this report is to present the extreme precipitation depths for Texas, excluding the Trans-Pecos region. The climatic regions of this report ( fig. 1 ) are the same as or a combination of 2 or 3 of the 10 National Weather Service (NWS) climatic regions of Texas (Carr, 1967) . Storm durations of 1, 2, 3, 4, 5, and 6 days were investigated, although the extreme precipitation depths for all of these durations are not available for each region. The extreme precipitation depth for a particular area is estimated from an "extreme precipitation curve" (an upper limit or envelope curve developed from graphs of extreme precipitation depth versus area for each climatic region). The extreme precipitation (EP) curves were developed from data for 24 "extreme" storms selected from a data base of "notable" storms in Texas compiled for the study. The precipitation depths for the 24 selected storms were so large that, for purposes of this report, they are referred to as extreme. The 24 extreme storms are identified along with 189 other notable storms in Texas (table 1 at end of report). The description and dates of occurrence for each identified storm are listed in the table. The temporal distribution of the notable and extreme storms by decade or period of occurrence is documented (table 2 at end of report). Discussion pertinent to the documentation of storms in Texas is presented in the "Extreme Precipitation Depths for Texas" section.
Previous Studies and Extreme Storm Data
Lowry (1934) classified and tabulated data for 33 storms to develop depth-area curves for durations of 3, 4, and 5 days in Texas. The analysis in Lowry is similar to that presented in this report. No other analyses of extreme precipitation in Texas are known to have been conducted. A study by Asquith and Slade (1995) presents the results of an investigation of extreme flood-peak discharges in Texas. In that study, the relations between large flood peaks and contributing drainage area were used to develop upper limit or envelope curves for extreme flood peaks. The analysis in this report is analogous to that presented by Asquith and Slade. Data for this report are from past reports of documented storms that have precipitation contour maps for the storms. Texas storms have been documented in publications by the U.S. Army Corps of Engineers (Tulsa, Okla.); International Boundary and Water Commission (El Paso, Tex.); National Climatic Data Center (Asheville, N.C.); National Resources Conservation Service (formerly the Soil Conservation Service) (Temple, Tex.); NWS (Silver Spring, Md.); Office of the State Climatologist (College Station, Tex.); Texas Water Development Board (Austin, Tex.); USGS (Austin, Tex.); and others. Most of these publications used data from the NWS rain gage network, complemented with bucket surveys for precipitation-depth analyses. Characteristics of many early storms in Texas are unknown due to an inadequate network of rain gages. Currently (1998) in Texas, there are about 870 daily rain gages (about 1 gage for every 300 square miles) with at least 10 years of record.
Bucket surveys sometimes are conducted after large rainstorms; thus, they often provide historically meaningful data. Interviewers visit the area affected and collect information from the public on rainfall catches in private gages. Information also is collected on other catches in exposed containers, such as buckets, cans, troughs, wash pots, and oil drums. The interviewers record information on both depth and storm duration. These measurements might not be entirely accurate but can be used with confidence when several such measurements in the same locality are the same. The largest rainfall centers of many storms have been identified in this manner. For example, bucket surveys were used to determine an "unofficial" total of 38.2 inches in 1 day for the September 1921 storm in Thrall (about 30 miles northeast of Austin).
Daily precipitation data are not necessarily tied to a calendar day. A difference in observation times at rain gages can cause the same storm to appear to occur on different days. For example, a storm occurring at noon on January 1 would be recorded as January 1 by an observer who reads depths in the evening but as January 2 by a morning observer. Consequently, documented daily durations in this report might not coincide with the storm dates presented.
The temporal distribution of the storms in table 2 provides some useful insights into the occurrence and documentation of notable storms in Texas. First, a review of the distribution of the notable storms indicates that the occurrence of such storms is fairly evenly distributed in time. Second, review of the distribution of the extreme storms in Texas indicates that the occurrence of extreme storms also is fairly evenly distributed in time, with two exceptions-the 1931-40 decade with 9 extreme storms and the 1951-60 decade with 5 extreme storms. Supporting the evidence that the 1931-40 decade produced an unusually large number of extreme storms is the fact that some of the resulting floods during 1931-40 are the largest documented floods for their respective locations in the past 100 or so years.
EXTREME PRECIPITATION DEPTHS FOR TEXAS
The EP curves, shown in figures 2-13 at end of report, were developed from a subset of 24 extreme storms of the 213 notable storms in Texas (table 1) . The 24 extreme storms were grouped by climatic region and by storm duration, and curves were developed to envelop the maximum depths of precipitation for each climatic region. EP curves were developed for each of the durations available for each region. The EP curves were developed using all identified storm data through 1996, but the curves are subject to change as larger depths for given areas are documented in the future. Recurrence intervals are not associated with extreme precipitation depths because recurrence intervals cannot be quantitatively defined. EP curves were not developed for the Trans-Pecos region because of a lack of data. The mountainous topography of this region makes EP curves difficult to develop because of changes in precipitation patterns as elevation changes.
The data points in figures 2-13 were generated by digitizing the areas (polygons) formed by stormdepth contour lines (from previous reports) and computing the mean depth within each area using a geographic information system. The variability in size and shape of the polygons allowed multiple storm centers, when present, to be identified. The digitized areas are represented on the x-axis of the figures. Depths for hundreds to thousands of regularly spaced points were determined within each polygon, and the mean was computed for the points. The mean depths are represented on the y-axis of the figures. (The mean depths might not necessarily be consistent with precipitation depths listed in table 1 because of the method used to generate the data points.)
The storms represented by figures 2-13 are the most extreme storms known for the selected climatic regions and durations. The accuracy of the storm-depth contours decreases as area increases due to interpolation errors and to the lower density of data. The EP curves can be used to estimate the extreme precipitation depth for a particular area. The extreme precipitation depth represents a limiting depth, which can provide useful comparative information for more quantitative analyses. The basis for each of the EP curves of figures 2-13 follows:
High Plains and Low Rolling Plains climatic region (figs. 2-3)
The EP curve for the 1-day storm is based on the 1-day data and on the shape of the 3-day EP curve. The EP curve for the 3-day storm is based on the 3-day data.
North Central climatic region (figs. 4-5)
The EP curve for the 2-day storm is based on the 2-day data. The EP curve for the 4-day storm is based on the 4-day data and on the shape of the 2-day EP curve.
Edwards Plateau climatic region (figs. 6-8)
The EP curve for the 1-day storm is based on the 1-day data and on the shape of the 3-day EP curve. The EP curve for the 3-day storm is based on the 3-day data. The EP curve for the 5-day storm is based on the 5-day data and on the shape of the 3-day EP curve.
South Texas, South Central, and Lower Valley climatic region (figs. 9-11)
The EP curve for the 2-day storm is based on the 2-day data and the shape of the 6-day EP curve. The EP curve for the 4-day storm is based on a combination of the 2-and 6-day EP curves. The EP curve for the 6-day storm is based on the 6-day data.
East Texas and Upper Coast climatic region (figs. 12-13)
The EP curve for the 2-day storm is based on the 2-day data and on the shape of the 4-day EP curve. The EP curve for the 4-day storm is based on the 4-day data.
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